Genetic transformation mediated by bombardment with microscopic metal particles carrying target genes is the preferred method for the introduction of foreign genes into monocotyledonous plants. The fact that most flower bulbs are monocotyle-donous and that almost all commercial cultivars are propagated vegetatively makes them good candidates for molecular breeding through microprojectile bombard-ment. We report here on a development of a reliable method for an efficient genetic transformation of both Lilium longiflorum and Ornithogalum dubium using a particle inflow gun to deliver gene constructs into the target plant tissue, followed by a prolonged selection in the dark in liquid medium supplemented with kanamycin. The system was first optimized for Lilium longiflorum 'Snow Queen'. Based on the level of transient GUS expression, liquidgrown cell clumps are more competent than leaves. Large cell clusters (2-10mm) maintain their organogenic potential while smaller clusters (<2mm) cease to grow and die. The liquid-grown tissue cultures have a level of competence for transformation about 50-70 times greater than that of solid-grown callus cultures, and compact cell clusters are more competent than loose clusters. The cells were bombarded with a pCAMBIA2301 vector, carrying nptII gene conferring kanamycin resistance and GUS reporter gene. Following selection for 4-6 months in a liquid medium supplemented with 80 mg l -1 kanamycin in the dark, the cell clusters were transferred to a regeneration medium in the light where hundreds of transgenic plantlets developed. The plants retained their stable transgenic state when grown in the greenhouse for two seasons. The transformation of O. dubium was similar in principle to that of L. longiflorum with three major differences: lily liquid-grown cultures grew more rapidly and had a higher potential for somatic embryo development. Ornithogalum cultures under selection took longer to develop into semi-organized cell clumps of sufficient size to allow continued shoot regeneration, were mostly organogenic, and the regenerated plantlets had higher rate of vitrification.
INTRODUCTION
Most monocotyledonous plants are generally recalcitrant to the infection and subsequent transformation by Agrobacterium. Therefore, genetic transformation mediated by bombardment with tungsten or gold particles carrying target genes is the preferred method for the introduction of foreign genes into monocotyledons (Vain et al. 1995 , Finer et al. 1999 . The success of the transformation depends upon the successful assembly of several key components and the calibration of the entire system. One element is the availability of a genetic construct carrying a target gene, a reporter gene and an appropriate selectable marker, all under the control of the appropriate promoters. A second element is the plant organ or tissue. It has to be competent for genetic 132 transformation, being capable of expressing the genes and maintain the capability to regenerate into plants. Another key element is the gene-delivery system. The initial attempts to transform a plant tissue usually result in many cells showing a transient expression of the transgenes. Only in a small fraction of those is the transgene actually integrated into the plant genome and stably expressed. For a reliable and reproducible method one has to start with a very efficient gene-delivery system, which will allow the selection of sufficient number of stable transformants. Furthermore, since transformation is a single-cell event, it is imperative that the transformed cells should be provided with the conditions allowing them to develop into growing shoots either through direct organogenesis from the transformed tissue or through somatic embryogenesis.
Lilium (Liliaceae) and Ornithogalum (Hyacinthaceae) are important flower bulb crops. Like most bulbous crops they are monocotyledonous and generally propagated vegetatively. This makes them potentially good candidates for molecular breeding through microprojectile bombardment. However, for many plant species, the generation of clones carrying stable heritable transgene is a technical challenge. Very often a reported success in the transformation of a certain crop is not reproducible either because it is very inefficient, or clone-specific, or because the gene is lost in time from the transgenic tissue due to its initial chimeral status. We report here on a reliable very efficient method for genetic transformation of both Lilium longiflorum and Ornithogalum dubium. The system involves microprojectile bombardment of dark-grown cell clusters, from a liquid medium, with a plasmid containing uidA reporter gene (GUS) and nptII gene conferring kanamycin resistance as a selectable marker. Following prolonged selection in darkness the cells were placed on regeneration medium in the light where hundreds of transgenic plants were regenerated. The presence of the transgenes in the regenerated plants was determined by polymerase chain reaction (PCR) amplification.
MATERIALS AND METHODS

Plant Material and the Establishment of Cell Cultures
Initial Lilium longiflorum callus cultures were induced from bulblet scale sections of in vitro grown plants of cv. 'Osnat' (Snow Queen) on MS medium (Murashige and Skoog, 1962) supplemented with 1 mg l -1 NAA and 0.1 mg l -1 BA and 3 % sucrose (medium 101, Watad et al, 1998) and solidified with 6.5 g l -1 Sigma A-1296 agar. Highlycompetent cell clusters developed within 3 months following the transfer of the induced calli onto a liquid 101 medium in shake flasks (100 rpm) in darkness. Cell clusters were subcultured to a fresh medium every two weeks. O. dubium cell cultures were started from calli derived from basal parts of axenic plantlets of a selected clone (ATD) grown on an agar-solidified MS medium supplemented with 0.1 mg l -1 NAA, 2mg l -1 BA and 3 % sucrose (medium 206) . Callus cultures were transferred to liquid medium 101 for successive subcultures in shake flasks in darkness. Cell clusters were ready for bombardment after 9 weeks in the liquid medium.
Microprojectile Bombardment and Transformation Vectors
A particle inflow gun (PIG) was built following the model of Finer et al. (1992) with adaptation according to Gray et al., (1994) . The PIG was used to propel 1.5-3 µm gold particles coated with the appropriate plasmids. The initial calibration was performed with both Lilium and Ornithogalum using the plasmid pUBQ3genGUS carrying the uidA encoding β-glucuronidase (GUS) reporter gene under the control of Arabidopsis ubiquitin promoter. Transformation experiments were performed with modified pCAMBIA 2301 vector containing GUS reporter gene and nptII gene encoding neomycin phosphotransferase II that confers kanamycin resistance, both under the control of 35S promoter. The plasmid DNA for the particle bombardment was isolated from E. coli strain DH5α and was purified following alkaline lysis of the bacteria using plasmid MidiKit (Qiagen Inc., Valencia. CA., USA) and was concentrated to 1 µg µl -1 prior to the bombardment. The ratio of 1 µg DNA to 0.7 mg gold particles in 9 µl ethanol was used 133 for every bombardment. Samples of 2-3g cell clusters were used for each bombardment and the samples were bombarded twice.
GUS Histochemical Staining
Gus reaction was assessed using histochemically staining following the improvement suggested by Kosugi et al. (1990) for the assay developed by Jefferson (1987) . The transient GUS expression was assayed 48 hours after bombardment. The blue spots were counted in tissue samples and calculated per 1 g fresh weight. Cell samples or plant tissues were also subjected to periodical GUS assays during every stage in their development. No GUS activity was evident in either non-bombarded plant tissue, or in tissue bombarded with gold particles not carrying the plasmid.
Selection on Kanamycin
Two days following bombardment with plasmid DNA the bombarded cells were re-cultured onto liquid proliferation medium 101 supplemented with 80 mg l -1 kanamycin for prolonged selection in shake flasks in darkness. The cultured cells were subcultured into a fresh medium at 1-2 week intervals. L. longiflorum cultures were kept in the proliferation medium for 11 weeks. The O. dubium cells were kept on the proliferation medium for 6 months for the development of clusters or transformed cells prior to the transfer to the regeneration medium in the light.
Regeneration of Transgenic Plants
Following the prolonged selection in the proliferation medium the dark grown cell cultures were transferred to a shoot regeneration medium in the light (16 hours photoperiod). The preferred medium for Lilium was a half-strength MS salts and vitamins in which the sucrose was replaced with 1.8 % maltose and 0.46 % glycerol (medium MG). In the first month, selection continued on 80mg l -1 kanamycin. Thereafter kanamycin concentration was lowered to 40 mg l -1 when embryo-like structures developed. When plantlets were large enough to handle they were transferred to individual tubes with MS salts and vitamins with 3 % sucrose and 50 mg l -1 kanamycin for continued plant growth. Lilium plants were ready for transplanting into the greenhouse in 6 months. Plantlet regeneration in Ornithogalum was induced on MS medium devoid of any growth substances, with 3 % sucrose and 80 mg l -1 kanamycin. Upon plantlet regeneration plants were transferred to agar-solidified MS medium containing 80 mg l -1 kanamycin for plant development.
PCR Amplification
Leaves were collected from shoots surviving on medium with 50 mg l -1 kanamycin and negative control shoots regenerated from non-bombarded explants. DNA was isolated from the leaves according to the procedure of Fulton et al., (1995) . Approximately 500 ng of DNA was used as the template for PCR. Amplification of the nptII gene utilized the upstream primer 5' -GCC GCT TGG GTG GAG AGG CTA T -3' and the downstream primer 5' -GAG GAA GCG GTC AGC CCA TTC G -3' resulting in amplification of a 690 bp fragment. The PCR reaction was performed in 30 µl reaction volume with 1x buffer (JMR Holding, London), 1.5 mM MgCl 2 , 0.2 mM dNTP mix, 0.25 µM of each primer and 0.75 units of Taq DNA polymerase (JMR Holding, London). The reaction was 2 min at 95 °C, followed by 35 cycles of 60 sec at 94 °C, 45 sec at 57 0 C, and 90 sec at 72 °C with a final extension at 72 °C for 5 min. For amplification of the GUS (uidA) gene the forward primer 5' -ACG GCA AAG TGT GGG TCA A -3' and the reverse 5' -AAA GTC CCG CTA GTG CCT TGT-3' were used, resulting in amplification of 421 bp fragment. The PCR reaction was performed in 30 µl reaction volume and followed the same reaction details. PCR products were separated in 1 % agarose gels and were visualized with ethidium bromide.
RESULTS AND DISCUSSION
The transformation systems for L. longiflorum and O. dubium are identical in concept as evident from the similarity in the developmental stages presented in Fig. 3 and Fig. 4 . Very often reported success in the transformation of a certain crop is not reproducible, either because of low efficiency, clone-specificity, or because of transgene loss during development, due to its initial chimeral status. The system presented here starts with the development of highly competent cell lines as evident from the large number of transient blue GUS expressing foci. The number of cells expressing transient GUS was ca 3600 foci/g FW and 1300 foci/g FW in Lilium and Ornithogalum, respectively. A reduction in the level of competence was evident in older cell cultures maintained in the liquid culture for more than a year. The transfer of the old cultures to a fresh medium a week prior to the bombardment with the gene constructs restored the cell competence to the levels evident in "young" tissue. The liquid-grown cultures had a level of competence for transformation about 50-70 times greater than that of solid-medium grown callus cultures (data not presented here).
The prolonged selection on kanamycin allows the development of transgenic meristematic centers ( Fig. 3-d; Fig. 4-d) and the gradual elimination of non-transgenic cells. This ensures the regeneration of solid transgenic plants upon transfer to the light. Lily liquid-grown cultures grew more rapidly and had a higher potential for somatic embryo development. However, Ornithogalum cultures under selection took longer to develop into semi-organized cell clumps of sufficient size to allow continued shoot regeneration. Ornithogalum cultures were mostly organogenic and the regenerated plantlets had higher rate of hyperhydricity (vitrification). These plantlets developed into normal-looking plants after the transfer to an agar-solidified MS medium (Fig. 4-h) .
The putative transgenic plants of both O. dubium and L. longiflorum were analyzed by polymerase chain reaction (PCR) for the presence of the transgenes as presented in Fig. 1 and Fig. 2 . Almost all of the analyzed plants had both nptII and uidA. In some plants, however, the presence of uidA was not confirmed (Fig. 2) indicating a possibility for genetic recombination. The presence of the nptII products was expected in all the putative transformants since the plants were maintained on high levels of kanamycin through all stages of development. Nonetheless, in few lily plants we were not able to detect the presence of nptII although GUS expression was evident in both the phenotypic and the DNA level (Fig. 2) . It could be argued that the selectable marker may have been invariably lost following the transfer of the plants to non-selective conditions in the greenhouse. However, callus developed from plants brought back from the greenhouse exhibited resistance to kanamycin in the medium despite the absence of detectable PCR products of the nptII transgene.
In the pCAMBIA 2301 vector used in this study both the reporter gene uidA (GUS) and the selectable marker nptII are controlled by the constitutive CaMV 35S promoter. Nonetheless, GUS expression did not appear to be uniform in all tissues of the putative transgenic Lilium and Ornithogalum plants and seemed to vary in different stages of plant development. GUS expression tends to be stronger in younger tissues. The expression in leaves is stronger than in other plant organs, whereas roots and bulb scales have a very faint expression or none at all. This raises the question whether the regenerated plants may be chimeral rather than solid transformants. Some of these plants were crossed with non-transgenic plants and the seedlings were checked for GUS expression. Apparently, GUS expression varies in time and is not expressed constitutively in every tissue even in seedlings that by definition should be solid transformants.
Independent transgenic plants carrying the same transgene show variable expression of the transgene and, hence, phenotypic variation. This is often attributed to the position of the transgene incorporation in the plant genome and/or gene silencing at the transcriptional or translational level. In order to obtain transgenic plants carrying target genes with optimal levels of expression, it is imperative that sufficient numbers of independent transgenic plants are produced, from which the appropriate clones could be selected. Using the method described here we obtained hundreds of solid transgenic plants from both L. longiflorum and O. dubium. This system is by far more efficient than previously reported methods for transforming Lilium (van der Leede-Plegt et al., 1997; Watad et al., 1998; Lipsky et al., 2000; Mercuri et al., 2003) or Ornithogalum (De Villiers, 2000) . The Lilium plants already completed 4 cycles of flowering in the greenhouse under non-selective conditions with no change in their transgenic state. 
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